Computational mutation analysis of hydrogen abstraction and radical rearrangement steps in the catalysis of coenzyme B12-dependent diol dehydratase.
A mutation analysis of the catalytic functions of active-site residues of coenzyme B(12)-dependent diol dehydratase in the conversion of 1,2-propanediol to 1,1-propanediol has been carried out by using QM/MM computations. Mutants His143Ala, Glu170Gln, Glu170Ala, and Glu170Ala/Glu221Ala were considered to estimate the impact of the mutations of His143 and Glu170. In the His143Ala mutant the activation energy for OH migration increased to 16.4 from 11.5 kcal mol(-1) in the wild-type enzyme. The highest activation energy, 19.6 kcal mol(-1), was measured for hydrogen back-abstraction in this reaction. The transition state for OH migration is not sufficiently stabilized by the hydrogen-bonding interaction formed between the spectator OH group and Gln170 in the Glu170Gln mutant, which demonstrates that a strong proton acceptor is required to promote OH migration. In the Glu170Ala mutant, a new strong hydrogen bond is formed between the spectator OH group and Glu221. A computed activation energy of 13.6 kcal mol(-1) for OH migration in the Glu170Ala mutant is only 2.1 kcal mol(-1) higher than the corresponding barrier in the wild-type enzyme. Despite the low activation barrier, the Glu170Ala mutant is inactive because the subsequent hydrogen back-abstraction is energetically demanding in this mutant. OH migration is not feasible in the Glu170Ala/Glu221Ala mutant because the activation barrier for OH migration is greatly increased by the loss of COO(-) groups near the spectator OH group. This result indicates that the effect of partial deprotonation of the spectator OH group is the most important factor in reducing the activation barrier for OH migration in the conversion of 1,2-propanediol to 1,1-propanediol catalyzed by diol dehydratase.